The FibroTest and ActiTest are noninvasive biochemical markers of liver injury that are intended for use as alternatives to liver biopsy in patients with chronic hepatitis C. The aims of this study were to assess the quality of biopsy and the prevalence of discordances between biopsy and markers, to identify factors associated with discordances, and to attribute these discordances to either markers or biopsy failure. Methods: Fibrosis stage and activity grade were prospectively assessed on the same day by a liver biopsy and by markers. On the basis of risk factors for failure and independent endpoints, discordance was classified as being attributable to biopsy or to markers. Results: Only 74 of 537 patients (14%) had a biopsy size >25 mm. Discordance was observed in 154 of 537 patients (29%), including 16% for fibrosis staging and 17% for activity grading. Steatosis, an inflammatory profile, and biopsy size were associated with discordance. Discordance was attributable to failure of markers in 13 patients (2.4%) and to biopsy failure in 97 (18%; P <0.001 vs Fibrotest and Actitest), and was nonattributable in 44 patients (8.2%). The most frequent failures attributable to markers were false negatives (1.3%) attributable to inflammation. The most frequent failures attributable to biopsy were false negatives of activity grading (10.1%) and of fibrosis staging (4.5%), both associated with smaller biopsy size and steatosis. False
Identified causes of false positives and false negatives in the combination of FT-AT included Gilbert syndrome, hemolysis, and inflammation (8 ) .
There is no ideal reference for the assessment of liver histology. Liver biopsy has three major limitations: a risk of adverse events (7 ) , sampling error (4, 5, 19 ) , and interand intrapathologist variability (20 ) . An overview of published studies summarized the risks of liver biopsy as pain (ϳ30%), severe adverse events (3 in 1000), and death (3 in 10 000) (7 ) . Sampling variation is the major source of variability (4, 5, 19 ) . In a study involving patients with chronic hepatitis C, which included only good-quality biopsies, 30 of 124 patients (24%) had a difference of at least one grade, and 41 of 124 patients (33%) had a difference of at least one stage between the right and left lobes (4 ) . In 18 patients (14.5%), an interpretation of cirrhosis was made in one lobe, whereas stage 3 fibrosis was made in the other (4 ) . Recently, Bedossa et al. (6 ) observed a very high CV (55%) in fibrosis measurements and high discordance rates (35%) for fibrosis staging in biopsies 15 mm in length. The variability significantly improved in biopsies 25 mm in length, but the CV of fibrosis measurement was still high (45%) and the discordance remained high at 25%.
We hypothesize that discordances between biopsy and FT-AT results can be attributable, in many cases, either to FT-AT or to biopsy. It is even possible that biochemical markers such as those described may provide a more diagnostically accurate, as well as quantitative and more reproducible, picture of fibrogenic and necrotic events occurring within the liver than does liver biopsy. The greater diagnostic accuracies of FT-AT when assessed against a reference standard based on biopsy specimens Ͼ15 mm in length vs smaller biopsies suggest that some of the discordance between FT-AT and histology is attributable to biopsy specimen sampling error (8 ) . Several case reports have observed false negatives of liver biopsy vs biochemical markers (8, 10, 13 ) . The error was attributable to biopsy because there were overt clinical signs of cirrhosis, such as esophageal varices, low platelet counts, or a dysmorphic liver on ultrasound.
The aims of this study were (a) to prospectively assess the quality of biopsy in a large hospital-based cohort; (b) to prospectively assess the prevalence and the factors associated with significant discordances between liver biopsy estimates and FT-AT estimates; (c) to attribute the cause of discordances to biopsy or to FT-AT; and (d) to detect possible causes of failures attributable to FT-AT in a large community-based population by analyzing the distribution of the six components of FT-AT.
Patients and Methods patients
Two groups of patients were included. The first, a hospital-based cohort of patients with chronic hepatitis C from our institution, was included prospectively from January 1997 to December 2002 to assess biopsy quality, discordance rate, and the factors associated with discordance and to attempt to attribute the causes of discordances (biopsy or FT-AT). The inclusion criterion was two assessments of liver histology done Ͻ24 h apart in our department, one with a liver biopsy and one with a measurement of FT-AT in the serum. Criteria for noninclusion were the absence of a liver biopsy or FT-AT results and a lapse Ͼ24-h between the biopsy and collection of serum samples. A total of 537 patients were included, and 2328 were not included (Fig. 1) . Included patients were followed every 6 months, and biopsy or FT-AT was repeated as considered necessary by the physician in charge. Procedures followed were in accordance with the current revision of the Helsinki Declaration, and participants gave informed consent.
The second cohort was a community-based population for whom 8524 FT-AT tests have been performed prospectively in 100 private and 10 public French laboratories between September 2002, when the marketing of the FT-AT began, and May 2003. The aim was to identify the risks of failure of FT-AT in the six-component distribution.
liver biopsies
Liver biopsies were processed by standard techniques, including Masson's trichrome staining. A single pathologist (F.C.), who was unaware of the results for the biochemical markers, evaluated the stage of fibrosis and grade of activity according to the METAVIR scoring system (20, 21 ) . Fibrosis was staged on a scale of 0 -4: F0, no fibrosis; F1, portal fibrosis without septa; F2, few septa; F3, numerous septa without cirrhosis; F4, cirrhosis. The grading of activity by the METAVIR system (20, 21 ) (based on the intensity of necroinflammatory activity, mainly on necrosis) was scored as follows: A0, no histologic activity; A1, mild activity; A2, moderate activity; A3, severe activity. Two quality criteria were used. The first, recommended by Regev et al. (4 ) , was a nonfragmented biopsy Ն15 mm in length and with five or more portal tracts (called "a good-quality biopsy"). The second, recommended by Bedossa et al. (6 ) , was a sample length of at least 25 mm.
biochemical markers
We used the previously validated FT-AT (8, 10 -17 ) . FT-AT is a noninvasive blood test that combines the quantitative results of six serum biochemical markers-␣ 2 -macroglobulin, haptoglobin, ␥-glutamyltranspeptidase (GGT), total bilirubin, apolipoprotein A1, and alanine aminotransferase (ALT)-with patient age and gender in a patented artificial intelligence algorithm (US patent 6,631,330) to generate a measure of fibrosis and necroinflammatory activity in the liver. FT-AT is a continuous linear biochemical assessment of fibrosis stage and necroinflammatory activity grade that provides a numeric quantitative estimate of liver fibrosis ranging from 0.00 to Clinical Chemistry 50, No. 8, 2004
1.00, corresponding to stages F0 -F4 and grades A0 -A3 of the well-established METAVIR scoring system. Corresponding stages and grades were calculated from median scores and 95% confidence intervals observed in 1270 patients and 300 healthy blood donors (4, 8, 11 ) . Among the 300 controls, the median (SE) FT value was 0.08 (0.004) (95th percentile, 0.23), and the median AT value was 0.07 (0.004) (95th percentile, 0.26). Among the 1270 HCVinfected patients, the FT conversion was 0.0000 -0.2100 for F0, 0.2101-0.2700 for F0 -F1, 0.2701-0.3100 for F1, 0.3101-0.4800 for F1-F2, 0.4801-0.5800 for F2, 0.5801-0.7200 for F3, 0.7201-0.7400 for F3-F4, and 0.7401-1.0000 for F4. The AT conversion was 0.0000 -0.1700 for A0, 0.1701-0.2900 for A0 -A1, 0.2901-0.3600 for A1, 0.3601-0.5200 for A1-A2, 0.5201-0.6000 for A2, 0.6001-0.6200 for A2-A3, and 0.6201-1.0000 for A3.
In the hospital-based cohort, GGT, ALT, and total bilirubin were measured on a Hitachi 917 Analyzer with Roche Diagnostics reagents. ␣ 2 -Macroglobulin, apolipoprotein A1, and haptoglobin were measured on a Modular analyzer (BNII; Dade Behring). All assay CVs were Ͻ6%.
In the community-based population, 110 laboratories assessed the six FT-AT components and applied the preanalytical and analytical recommendations required to obtain the FT-AT results, as detailed elsewhere (17 ) . Abnormal values for the six components, which could increase the risk of false positives or false negatives in the FT-AT, were defined as values outside the 99% percentiles, as determined in the first validation study (10 ) .
analysis of discordances in the hospital-based cohort
The definition of a significant discordance between FT-AT and biopsy results was a discordance of at least two stages or two grades in the METAVIR scoring system. We chose two stages or grades instead of one stage or grade because the precision of biopsy is not sufficient to differentiate between a one-stage or one-grade difference (33% and 24%, respectively) in the same patient (4 ) . We did perform a sensitivity analysis using one stage or one grade.
Risk factors of failure. For biopsy failure, the risk factors for failure were biopsy size, the number of fragments, and the number of portal tracts. For FT-AT failure, these risk factors were hemolysis, inflammation (confirmed sepsis, a sedimentation rate Ͼ20 mm, C-reactive protein Ͼ5 mg/ L), possible Gilbert syndrome (total bilirubin concentration Ͼ17 mol/L, including Ͼ50% nonconjugated bilirubin), acute hepatitis, drugs inducing cholestasis or an increase in transaminases, and extrahepatic cholestasis. We included renal insufficiency (creatinine Ͼ120 mmol/L) as a risk factor for failure of FT-AT.
The following factors were also considered but not included in the algorithm for failure definition: diabetes (defined as being treated with antidiabetic drugs or insulin), co-infection with HIV, high alcohol consumption (Ͼ50 g/day), and transplantation.
Independent endpoints of FT-AT and biopsy. Independent endpoints used for assessing extensive fibrosis and cir- rhosis were a platelet count Ͻ150 000 cells/mL prothrombin time Ͻ70% of control, obvious cirrhosis on ultrasound, a reduction or reversal of portal flow, gradient portal pressure Ͼ5 mmHg, and grade 2 or 3 esophageal varices. Serum ferritin was used as an independent marker for necroinflammatory features (22) (23) (24) (25) .
Repeated assessments. Repeated assessments of liver injury, either by a subsequent biopsy or by a subsequent FT-AT during follow-up, were also considered.
Attribution of discordance to FT-AT failure. Discordance was considered highly attributable to FT-AT failure if (a) the FT-AT result was few septa or less, whereas the biopsy result was cirrhosis in the presence of at least two independent signs of cirrhosis; or (b) if one of the six FT-AT components had an abnormal value attributable to an identified condition such as hemolysis with haptoglobin Ͻ0.30 g/L, inflammation or sepsis with haptoglobin Ͼ2 g/L or ␣ 2 -macroglobulin Ͼ3 g/L, possible Gilbert syndrome, or increased bilirubin or GGT with extrahepatic cholestasis.
Discordance was considered moderately attributable to FT-AT failure if (a) the FT-AT result was few septa or less, whereas the biopsy result was cirrhosis in the presence of one independent sign of cirrhosis; (b) one of the six FT-AT components had an abnormal value in the absence of an identified condition and was paired with a biopsy of good quality; or (c) renal failure was present with a biopsy of good quality.
Attribution of discordance to biopsy failure. Discordance was considered highly attributable to biopsy failure if (a) the biopsy result was few septa or less, whereas the FT-AT result was cirrhosis in the presence of at least two independent signs of cirrhosis; or (b) the biopsy result was no or minimal activity, and there was an acute flare-up of hepatitis (ALT Ͼ200 U/L). A multicenter study observed that at three times the upper limit of the reference interval (ALT Ͼ90 U/L), the ALT specificity for the diagnosis of significant liver injury (more than A1F1) was 0.87-1.00 (26 ) .
Discordance was considered moderately attributable to biopsy failure if (a) the biopsy result was few septa or less, whereas the FT-AT result was cirrhosis in the presence of one independent sign of cirrhosis; or (b) the biopsy was not of good quality, and there was no risk of FT-AT failure.
Undetermined failure. If there was no risk of failure or there was a risk of failure for both FT-AT and biopsy, the discordance imputation was considered undetermined.
risk of ft-at failure in the community-based population
Extreme values of the six FT-AT components were defined as values below the 1st percentiles or above the 99th percentiles, as defined in the original validation study (10 ) . A possible risk for false positives was considered attributable to hemolysis when haptoglobin was Ͻ0.12 g/L or to Gilbert syndrome when total bilirubin was Ͼ30 mol/L with GGT Ͻ50 U/L. A possible risk of failure was considered when one of the two proteins of inflammation had increased values; false positives attributable to inflammation were considered when ␣ 2 -macroglobulin was Ͼ5.0 g/L without a decrease in haptoglobin, and false negatives attributable to inflammation were considered when haptoglobin was Ͼ3.2 g/L.
statistical analysis
We performed statistical analyses with the Fisher exact test, 2 test, Student t-test, and the Mann-Whitney test. We performed variance analyses with the Bonferroni all-pair-wise and Tukey-Kramer multiple-comparison tests to take into account the multiple comparisons and multiple logistic regression for multivariate analysis (27 ) .
Results
A total of 537 of the 2865 patients (19%) seen during this period were included in the cohort (Fig. 1 ). The included patients did not differ from the nonincluded patients (Tables 1-3 ). The mean (SE) follow-up of included patients was 31 (1) months; 70 patients (13%) were lost to follow-up.
The diagnostic value of FT for fibrosis staging and of AT for activity grading was similar to those reported previously (8, 10 -18 ) with areas under the ROC curves of 0.80 (0.02) for the diagnosis of F2F3F4 and 0.78 (0.02) for the diagnosis of A2A3 (Fig. 2) .
quality of biopsy
Only 74 of 537 cohort patients [14%; 95% confidence interval (CI), 11-17%] had a biopsy Ն25 mm in length. A good-quality biopsy (4 ) was observed in 31% of patients. After biopsy, severe pain was observed in 2% of patients, and severe adverse events, without death, were seen in 0.5% of patients.
prevalence of discordances and risk factors
In 154 of 537 patients (29%), there was a significant discordance at baseline between FT-AT and biopsy results for fibrosis staging or activity grading. This occurred in 63 patients (12%) for fibrosis staging only, in 67 patients (12%) for activity grading only, and in 24 patients (4.5%) for both.
The characteristics of the patients with or without discordances are given in Tables 1-3 . Patients with discordance were older, more frequently were male and diabetic, and had an inflammatory biological profile, renal failure, liver steatosis, more frequent moderate and severe activity, and more extensive fibrosis than patients without discordance (Tables 1-3 In multivariate analysis, six factors remained significantly associated with discordance: steatosis, male gender and age (significantly associated with both discordances), an inflammatory profile (fibrosis discordance only), smaller biopsy sample size, and renal failure (activity discordance only; Table 4 ).
imputation of discordances
According to the risk factors, the independent endpoints, and the follow-up, the causes of failure among the 154 discordant cases were considered highly attributable to FT-AT in 5 cases, moderately attributable to FT-AT in 8, highly attributable to biopsy in 26, and moderately to biopsy in 71 (Table 5) . Discordance was attributable to FT-AT failure in 13 patients (2.4%) and to biopsy failure in 97 (18%; P Ͻ0.001 vs FT-AT). Even when we considered all failures of FT-AT (highly and moderately attributable) and only the highly attributable failures of biopsy (worstcase scenario for FT-AT), biochemical markers still had less imputable failures than biopsy (2.4% vs 4.8%; P ϭ 0.03).
factors associated with attributable failures
Among the 13 errors attributable to FT with biochemical markers, 7 were false negatives and 6 were false positives ( Table 5 ). The most frequently identified cause of FT failure was false negatives attributable to inflammation with an isolated increase in haptoglobin (four cases); one false-positive FT result was attributable to hemolysis, and one was attributable to posttransplantation fibrosing cholestasis.
The most frequent biopsy errors were false negatives for activity grading (10.1%), false negatives for fibrosis staging (4.5%), and false positives for fibrosis staging (3.5%; Table 5 ).
Compared with patients who did not have false-nega- 143 (12) 36 (12) 28 (13) 8 (8) G3 189 (16) 73 (23) 46 (21) 27 (28) G4, G5, or G6
133 (11) 39 (13) 29 (14) 10 (10) In multivariate analysis, two risk factors remained significant: biopsy size (OR ϭ 1.08; 95% CI, 1.01-1.17; P ϭ 0.04) and steatosis (OR ϭ 0.27; 95% CI, 0.10 -0.70; P ϭ 0.007).
Compared with patients who were not false positive for fibrosis staging at biopsy (n ϭ 518), patients who were false positive for fibrosis staging at biopsy (n ϭ 19) had more frequent fragmented biopsies (84% vs 51%; P ϭ 0.004) and poorer quality biopsies (0% vs 32%; P Ͻ0.001). In multivariate analysis, fragmented biopsy remained significant (OR ϭ 0.18; 95% CI, 0.05-0.63; P ϭ 0.007).
A total of 36 patients (6.7%) were discordant for the diagnosis of cirrhosis; 18 (3.4%) were false negative based on incorrect biopsy, 3 (0.6%) were false positive based on incorrect biopsy, 3 (0.6%) were false positive based on incorrect FT results (one with Gilbert syndrome, one with hemolysis, and one with fibrosing cholestasis), 2 (0.4%) were false negative based on incorrect FT results, 7 (1.3%) were failures for both, and 3 were unclassified.
abnormal values of biochemical components of ft-at in the community-based population A total of 8524 consecutive tests were computed, and the distribution of the six FT-AT components is shown in Table 6 . The most frequent abnormal value observed in 402 patients (4.7%) was haptoglobin Ͻ0.12 g/L. For 227 of these patients (2.7%), extensive fibrosis was still predicted by FT if low haptoglobin was replaced with a value within the reference interval (1 g/L). The remaining 2% were at risk of having false positives for FT-AT attributable to significant hemolysis. Gilbert syndrome was suspected in 120 patients (1.4%). A possible false positive attributable to acute inflammation with highly increased ␣ 2 -macroglobulin values and without a concomitant increase in haptoglobin was observed in only six patients (0.07%). sensitivity analysis using one-stage or onegrade discordance
In 209 of 537 patients (39%), there was a significant discordance at baseline between FT-AT and biopsy results for fibrosis staging or activity grading. This occurred in 78 patients (14%) for fibrosis staging only, in 91 patients (17%) for activity grading only, and in 24 patients (7.4%) for both.
The same risk factors were observed for the discordance of one stage/grade or more compared with the discordance of two or more stages/grades. Patients with discordance were older, were more frequently male and diabetic, and had an inflammatory biological profile, renal failure, liver steatosis, more frequent moderate and severe activity, and more extensive fibrosis than patients without discordance. Patients with activity discordance had a smaller mean biopsy sample size [14.5 (0.5) mm] than patients without discordance [16.6 (0.3) mm; P ϭ 0.001]. In multivariate analysis, four factors remained significantly associated with discordance: steatosis (P Ͻ0.001; significantly associated with both discordances), an inflammatory profile (fibrosis discordance only; P Ͻ0.001), smaller biopsy sample size (P ϭ 0.04), and renal failure (P ϭ 0.004; activity discordance only).
According to the risk factors, the independent endpoints, and the follow-up, the causes of failure among the 54 cases discordant by only 1 or 1.5 stages or grades were considered highly attributable to FT-AT in 1 case (hemolysis), moderately attributable to FT-AT in 1 (isolated low ␣ 2 -macroglobulin), highly attributable to biopsy in 2 (false negative for fibrosis staging), and moderately attributable to biopsy in 14 (mostly falsely negative for activity grading). In 36 cases it was not possible to attribute the failure. Among the 54 discordant cases, only 27 patients had a 
Discussion
This study is the first to investigate the prevalence and the causes of discordance observed between the degree of liver injury estimated by liver biopsy, the classic "gold standard", and that estimated by a panel of biochemical markers. The main difficulty in this discordance analysis was the absence of a true reference standard for liver injury.
Biopsy and FT-AT are two surrogate markers of liver injury, each with its own risks of failure. The two main causes of failure for biopsy are sampling error (4 -6 ) and observer error (20 ) . For FT-AT, the two main causes of failure are individual errors for each of the six components (17, 28 -30 ) and, indirectly, the failure of biopsy because FT-AT was initially validated against liver biopsy (10 ) . It is therefore paramount to consider separately the quality of liver biopsy and the factors associated with discordant results, both of which are objective criteria, and the less objective criterion of imputability.
An ideal, but impossible to perform, study for the validation of biochemical markers would involve laparoscopy with two biopsies of 20 mm to reach an estimate based on a total liver sample length of 40 mm. The dispersion of fibrosis estimates has been found to be acceptable with biopsy size Ͼ40 mm (6 ) . This threshold, which could define a true standard, was obtained in only 10 patients of 1773 (0.2%) in the present study. The usual recommendations are far beyond this 40-mm length and are associated with extreme variability (4 -6 ) . Even these usual recommendations were difficult to obtain in our experienced center because the mean size was 16 mm, only 14% of samples were Ն25 mm, and only 31% met the quality criteria recommended by Regev et al. (4 ) . This analysis uncovered factors already known to be risks of failure, such as short sample length for biopsy failure and an inflammatory profile for FT-AT failure.
Steatosis was highly associated with discordance. This point is important in chronic hepatitis C because steatosis is frequent, with a mean of 50%, reaching 90% in patients infected by genotype 3 hepatitis C (31 ) . Detailed analysis of cases showed that steatosis was associated with possible false-negative biopsy results for both staging and grading. We have no definitive explanation for this. One hypothesis is that in the presence of steatosis, the pathologist underscores the fibrosis staging and necrosis grading. Another hypothesis is that steatosis increases the false-positive rate of FT-AT through an increase in GGT independent of fibrosis and necrosis. This second hypothesis seems very unlikely because we recently demonstrated that FT has excellent predictive values for fibrosis staging in both alcoholic liver disease (32 ) and fatty liver disease (33 ) , in which GGT and steatosis are often highly increased.
Renal failure was associated with discordance in activity. One explanation for this could be the low activity of transaminases often observed in hemodialysis patients (34 ) . The significant but moderate associations between discordance and age and gender could be seen as a technical artifacts because these factors are included in the calculations of FT-AT (10 ) .
Because of the limitations of biopsy, biopsy quality as a factor for biopsy failure was taken into account, although only for the "moderately attributable" grade.
Small sample size increases the risk of false-negative biopsy results (5, 6 ) . Colloredo et al. (5 ) demonstrated that the risk of false negatives was increased by 27% for grading and 20% for staging when biopsy specimens 10 mm in length were compared with specimens 30 mm in length. In the present study, false negatives were associated mainly with smaller biopsies and steatosis.
Our definition of false-negative biopsy results can be challenged because we used ALT Ͼ200 U/L to confirm biopsy failure. However, among these patients, serum ferritin, which is a surrogate marker of necrosis (22) (23) (24) (25) and which is not included in AT, was also highly increased in 81% of patients (25 of 31), with a mean of 501 (72) g/L. It is also possible that centrolobular necrosis was underscored by the METAVIR scoring system. However, the risk of false negatives attributable to small sample size has also been observed with the Ishak scoring system, which scores centrolobular necrosis differently (5 ) .
In the present study, fragmented biopsies were associated with false-positive fibrosis, suggesting that pathologists in this setting could overestimate bridging fibrosis.
Liver biopsy can be useful in patients with chronic hepatitis C for purposes other than staging and grading, such as identifying other causes of liver injury. In the present study, the only case in which the biopsy was useful was in the diagnosis of graft rejection in liver transplantation patients. We never made a management decision based on biopsy results for the following other causes: alcohol abuse, steatohepatitis, drug-induced liver disease, hemochromatosis, or co-infection with hepatitis B virus or HCV.
Despite the fact that noninvasive markers have been validated by biopsy (10 ) , biochemical markers such as those described here probably provide a more accurate (quantitative and reproducible) picture of fibrogenic and necrotic events occurring within the liver than does liver biopsy. Supporting evidence for FT-AT are (a) the decrease in false positives and false negatives according to the quality of biopsy (8 ) The variability of each of the six biochemical components (17, 28 -30 ) is a possible source of variability for FT-AT and can be related to preanalytical and inter-and intralaboratory variability . The same reference laboratory measured all components for the hospitalbased cohort. In the large community-based population, all 110 laboratories agreed with the analytical recommendations, and it was reassuring that the percentages of abnormal values were very similar to those observed in the original study (Table 5) . Moderately attributable, n ϭ 8 (1.5%) Fibrosis, n ϭ 7 (1.3%) Activity, n ϭ 0 False-positive biochemistry, n ϭ 6 (1.1%) Fibrosis, n ϭ 6 (1.1%) Activity, n ϭ 0 Biopsy failure, n ϭ 97 (18%)
Highly attributable, n ϭ 26 (4.8%) False-negative biopsy, n ϭ 77 (14%) Moderately attributable, n ϭ 71 (13%) Fibrosis, n ϭ 23 (4.3%) Activity, n ϭ 54 (10%) False-positive biopsy, n ϭ 22 (4.1%) Fibrosis, n ϭ 19 (3.5%) Activity, n ϭ 3 (0.6%) Unclassified, n ϭ 44 (8.2%) Unclassified, d n ϭ 42 (7.8%)
Failure for both, n ϭ 16 (3.0%) No evidence of failure, n ϭ 28 (5.2%) a A total of 154 discordant cases were observed from a total of 537 included cases (29%) b Significantly lower than biopsy failure: P Ͻ0.001. c Percentage calculated from a per-patient analysis. When there was discordance for both fibrosis and activity, the misclassified case was attributed to the certain case and to fibrosis if there was the same degree of association (highly or moderately attributable for both). d Two patients had failure for both but were attributed to biopsy failure, which was more likely than for biochemistry (highly vs moderately attributable). False negatives for fibrosis were mainly associated with an isolated increase in haptoglobin, which can be observed in acute inflammation. This low prevalence is possibly attributable to the inverse relationship in fibrosis of the two proteins of inflammation, haptoglobin and ␣ 2 -macroglobulin (10 ). In the community-based population, the prevalence of haptoglobin above the 99% percentile was rare (0.2%).
False-positive results for fibrosis based on FT-AT scores occurred in only 1.1% of patients in the hospitalbased cohort and were attributable to various causes. There was one patient each with Gilbert syndrome (an increase in unconjugated bilirubin), hemolysis (an increase in unconjugated bilirubin and a decrease in haptoglobin), and acute inflammation (an isolated increase in ␣ 2 -macroglobulin). One transplanted patient with fibrosing cholestatic hepatitis (a large increase in total bilirubin and GGT) was classified as false positive for the FT test but died 2 years later with decompensated cirrhosis.
In the community-based population, the prevalence of haptoglobin below the 99% percentile was not rare (4.7%). When the other components do not suggest fibrosis (2% of cases in this study), causes of hemolysis should be ruled out, such as drug-induced hemolysis (e.g., ribavirin or azathioprine), cardiac prosthesis, and genetic hemoglobin disease (29 ) .
Highly increased ␣ 2 -macroglobulin values without a concomitant increase in haptoglobin were very rare, which should limit the false-positive risk attributable to inflammation (28 ) .
Gilbert syndrome is a frequent cause of increases in unconjugated bilirubin (30 ) . Despite the fact that genetic screening was not used, Gilbert syndrome was suspected in 14% of the hospital cohort when they were assessed for unconjugated bilirubin. Nevertheless, the consequences were minimal for false-positive FT-AT results because only one case with Gilbert syndrome (0.2%) was associated with a false-positive FT-AT result and was suspected in 1.4% of patients in the community-based population.
False-positive FT-AT results attributable to undiagnosed extrahepatic cholestasis were not observed. This can probably be explained by the routine ultrasound usually performed.
The FT-AT scores are derived from six components, which are available in most countries. Since September 2002, the FT-AT has been on the market in France, Morocco, Mexico, Switzerland, Portugal, and Germany, and Ͼ25 000 tests have been performed up to February Clinical Chemistry 50, No. 8, 2004 2004. In the US, the FT-AT has been on the market under the name FibroSure TM (LabCorp.) since March 2004. When compared with routine laboratory tests, which are predictive of activity or fibrosis (9 ), the FT-AT has better diagnostic value. This is true of ALT, aspartate aminotransferase, GGT, bilirubin (alone or in combination) (10 ), hyaluronic acid (11 ), the age-platelets index, and prothrombin time (14 ) ; other published scores combine GGT, cholesterol, platelets, and age (14 ) ; AST and platelets (16 ) ; and historical features (12 ) . The FT is not genotype dependent, whereas the index developed by Forns et al. (14 ) includes serum cholesterol, which varies with HCV genotype. The FT has the same diagnostic value for fibrosis stages in the subpopulation of HCV patients with transaminase values within the appropriate reference intervals as in patients with increased transaminases (8 -10 ) . Another advantage of the FT-AT compared with the other noninvasive markers is that this combination provides fibrosis staging and activity grading, as well as a continuous estimate of fibrosis and necrosis. We suggest that the FT-AT be used as a first-line estimate of liver injury (Fig. 3) .
The identification of risk factors for FT-AT failure is important for issuing precautions for use of the FT-AT. In the presence of acute inflammation, i.e., sepsis, or of acute hemolysis, FT-AT analysis must be postponed. Regarding precautions for use of the FT-AT, inflammation should be ruled out in case of an isolated increase in haptoglobin or in case of an isolated increase in ␣ 2 -macroglobulin. Hemolysis should be ruled out in case of a very low haptoglobin concentration, particularly if the five other components of the FT-AT are within reference values. Patients should be questioned for a previous history of Gilbert syndrome. When unknown, Gilbert syndrome must be suspected in the presence of an isolated increased total bilirubin, and the unconjugated bilirubin should be measured. If Gilbert syndrome is confirmed, the FT-AT score can be calculated with conjugated bilirubin instead of total bilirubin. Drugs that can induce hemolysis, such as ribavirin or azathioprine, and those that can increase unconjugated bilirubin, such as indinavir and atazanavir, can cause false-positive FT-AT scores.
In conclusion, even in an experienced medical center, liver biopsy does not meet the minimum standard of quality for accurately assessing the severity of liver injury. One concern is the occurrence of false negatives because treatment would not be initiated in these patients despite the real presence of significant fibrosis or necroinflammatory activity. Of similar concern are false positives in patients; in those patients, costly treatment with side effects may be initiated without the actual presence of significant liver damage. The results strongly suggest that liver biopsy was responsible for most of the significantly discordant results, mainly as a result of sampling error. Because of its associated limitations and risks, liver biopsy should no longer be considered mandatory in the firstline management of patients with chronic hepatitis C (Fig.  3) . Worldwide, there is an increase in mortality related to HCV infection, a lack of screening, and undertreatment despite the efficacy of antiviral agents. A simplification of liver injury assessment could accelerate the management of chronic hepatitis C.
